Prior to the availability of histamine H2-receptor antagonists, patients with the Zollinger-Ellison syn-
drome required total gastrectomy for adequate management of gastric acid hypersecretion (1, 2) . The histamine Hz-receptor antagonists effectively inhibit gastric acid secretion in these patients with few side effects, but they have some limitations. High doses at frequent dosing intervals are required (3) (4) (5) (6) (7) (8) (9) . At times, an anticholinergic drug, in addition to a histamine H2-receptor antagonist, is required to provide adequate inhibition of gastric acid secretion (9) (10) (11) (12) (13) , and most patients require at least one dose increase per year (2, 7) . In patients with ZollingerEllison syndrome and severe reflux esophagitis or previous partial gastrectomy, even higher doses are required to completely heal associated acid-peptic disease, and healing is not possible in all cases (2, (14) (15) (16) .
The substituted benzimidazoles, such as omeprazole, act at the final common step in gastric acid production, where they inactivate the parietal cell H+,K § (17, 18) . Omeprazole, the first H+,K+-ATPase inhibitor available in the United States, has been shown to be very effective in the management of gastric acid hypersecretory states such as the Zollinger-Ellison syndrome (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) . Omeprazole has a prolonged duration of action that permits less frequent administration than is required for histamine H2-receptor antagonists (22, 24, 33, 34) . Numerous studies show that omeprazole is both safe and effective in the long-term control of gastric acid hypersecretion in patients with Zollinger-Ellison syndrome (19) (20) (21) (22) (23) (24) (25) (26) 30) . However, the use of omeprazole in some patients also has some limitations. Even with the use of high daily doses (ie, 120 mg/day), gastric acid secretion is not effectively controlled with once daily dosing in all patients (19, 21, 22, 25) , and doses as high as 360 mg/day are occasionally needed (21) . In some studies, up to 60% of patients require a twice daily dose (19, 2l, 22, 25) . Patients with Zollinger-Ellison syndrome complicated by severe gastroesophageal reflux disease or previous partial gastrectomy or those with multiple endocrine neoplasia type 1 (MEN-l) syndrome commonly fall into this category. Thus, although omeprazole currently is the drug of choice in the management of gastric acid hypersecretion in patients with Zollinger-Ellison syndrome (19, 21) , in some patients a more potent, longer-acting proton pump inhibitor may provide a further improvement in the management of the gastric acid hypersecretion.
Lansoprazole (A 65006/AG 1749, TAP Pharmaceuticals Inc., Deerfield, Illinois) is a new, substituted benzimidazole, H § inhibitor that structurally resembles omeprazole ( Figure 1 ) except that it has a trifluoroethoxy radical in position 4 of the pyridine ring and lacks a methyl and methoxy radical on the pyridine and benzimidazole rings, respectively (35, 36) . Lansoprazole has a potency similar to that of omeprazole for inhibition of H § activity in isolated canine gastric microsomes (37, 38) , either similar (37, 38) or twice the potency (39) of omeprazole in inhibiting histamine and dibutyryl cyclic AMP-stimulated acid formation by isolated canine gastric parietal cells, and similar potency for inhibition of gastric acid secretion in Heidenhain pouch dogs (37, 38) . In contrast, lansoprazole has been shown to be 2-11 times more potent than omeprazole in inhibiting gastric acid secretion and in preventing both acute and chronic experimentally induced ulcers in rats (37, 38, 40) , To date, the prolonged administration of lansoprazole in humans has not been studied. Preliminary human studies have shown lansoprazole to be an effective inhibitor of gastric acid secretion in normal volunteers (41) (42) (43) , in patients with both inactive (44) and active (45) peptic ulcer disease, and in patients with refractory gastroesophageal reflux disease (46) (47) (48) (49) (50) . Lansoprazole has also been shown to prevent aspirin-induced gastric lesions in healthy volunteers (51, 52) . Initial reports have also shown that the use of lansoprazole in humans is well tolerated, safe, and without effect on standard laboratory determinations in the short term (50) .
The short-term use of lansoprazole in the Zollinger-Ellison syndrome has been described in four patients who were previously treated with omeprazole (53) . In this report, lansoprazole (administered for up to 30 days) was believed to demonstrate a comparable efficacy and safety to that of omeprazole, although the duration of action of lansoprazole was believed to be possibly slightly shorter than that of omeprazole. The purpose of the present study was to determine the possible usefulness of lansoprazole in gastric hypersecretory states by assessing the short-and long-term efficacy and safety of lansoprazole in patients with ZollingerEllison syndrome.
MATERIALS AND METHODS

Patients.
All patients had Zollinger-Ellison syndrome. The diagnostic criteria included a basal acid output (BAt) of > 15 meq/hr, an elevated fasting serum gastrin (>100 pg/ml) in the presence of gastric acid secretion, positive provocative testing with secretin stimulation (an increase of >200 pg/ml postinjection) or with calcium infusion (an increase of >395 pg/ml), a positive histological diagnosis of gastfinoma, or a combination of these as previously described (2, 8, 54) . All patients provided written informed consent to a protocol approved by the Institutional Human Research Committee of the NIDDK. The study group included 17 patients with sporadic Zollinger-Ellison syndrome and three patients with Zollinger-Ellison syndrome associated with multiple endocrine neoplasia type 1 (MEN-l). Twelve patients had biopsy-proven disease and e!ght had confirmatory gastrin provocative testing but either a negative exploratory laparotomy (four patients) or no surgery had been performed (four patients).
Investigations. Gastric acid secretion was determined by positioning a nasogastric tube in the stomach and continuously aspirating the gastric contents as previously described (55) . Basal acid output (BAt) was measured after discontinuing aU oral antisecretory medication for more than 30 hr (12 hr for intravenous antisecretory medication). Following an overnight fast, four consecutive 15-min samples were collected after emptying the stomach. Each sample was titrated to pH 7.0 with 0.01 N sodium hydroxide, and the BAt was determined by adding the number of milliequivalents of acid in the four samples. Maximal acid output (MAt) was determined by collecting four consecutive 15-rain samples following the subcutaneous administration of pentagastrin (6 ixg/kg). To provide an assessment of the inhibition of gastric acid secretion by lansoprazole, four consecutive 15-min samples were collected during the last hour before the next dose of drug. Adequate control was defined as less than l0 meq/hr prior to the next dose of antisecretory drug.
Upper gastrointestinal endoscopy was performed in the !eft lateral decubitis position using a Fujinon videoendoscopy system following sedation with meperidine (Demerol) and midazolam (Versed). Careful visual assessment of the esophagus, stomach, and duodenum was made. Forceps biopsies were taken if there were any nodules or masses seen or ff there was any evidence of inflammation by gross inspection, especially in the esophagus. At least two gastric body biopsies from the region of the greater curvature were performed in all patients and these were examined histologically (Grimelius stains) for evidence of carcinoid tumors.
Routine bloodwork including hepatic transaminase values, serum lipids, assessment of thyroid and renal function, and complete blood count was done by the NIH clinical pathology department. Fasting serum gastrin val~ ues were determined by Bioscience Laboratories (New York, New York), and all samples were diluted into the normal range for accurate determination of higher values. Tumor extent was assessed in all patients using standard imaging criteria including ultrasound (56), CT scan (57), MRI scan (58) , and bone scan as well as selective abdominal arteriography with secretin provocation and gastrin sampling in the hepatic veins as described previously (59) .
Study Design. Patients with ZoUinger-Ellison syndrome were considered for the study provided they were over 18 years of age, had a BAt of greater than 15 meq/hr, had not undergone prior gastric surgery, and had not been previously treated with omeprazole. Pregnant females and patients with active peptic ulcer disease were excluded from the study.
The initial evaluation included a comprehensive history with special attention to symptoms of gastric acid hypersecretion including pyrosis, abdominal pain, nausea, vomiting, diarrhea, gastrointestinal bleeding, and overall well-being. Thereafter, a complete physical examination, upper gastrointestinal endoscopy, chest x-ray, electrocardiogram, and laboratory determinations of hematologic, hepatic, thyroid, lipid, and renal parameters as well as the assessment of stool for occult blood, urinalysis, and a pregnancy test (in females) were performed. The mean of three fasting serum gastrin determinations, drawn on consecutive days, was obtained prior to commencing treatment with lansoprazole.
Determination of Initial Lansoprazole Dose. Lansoprazol e was given once daily. The initial dose of the drug was established by measuring control of acid secretion following the initial starting dose of 60 mg in all patients. Reduction of gastric acid secretion to < 10 meq/hr for the last hour prior to the next daily dose of lansoprazole was chosen as indicating satisfactory control because previous studies have shown that inhibition to this extent prevents recurrence of acid-peptic disease and heals peptic ulcers (55) . Those who were acutely controlled with the first dose were reassessed 24 hr later thus providing two estimates of control before long-term follow-up was initiated. Patients who were not controlled on 60 mg had their lansoprazole dose titrated upwards by 15 mg dally with measurement of control the following day. On attaining an adequate control value, they also underwent a second measurement 24 hr later as above. Patients whose gastric acid hypersecreti0n could not be controlled with 120 mg lansoprazole daily had their daily dose split into two 12-hr 60-mg doses.
Determination of Long-Term Maintenance Dose and Assessment of Long-Term Safety. Following the initial evaluation and the establishment of an initial dose requirement in each patient, patients were reevaluated three and six months later and every six months thereafter. At each subsequent evaluation a complete review of systems was obtained to evaluate any possible adverse effects of lansoprazole therapy and to assess clinical evidence of acid-peptic disease. All patients underwent a complete physical examination at each visit. Blood was taken for assessment of fasting serum gastrin, serum transaminases, lipids, thyroid and renal function, and a complete blood count and a urinalysis was obtained. In addition, all patients underwent gastric analysis to assess the control of gastric acid secretion and upper endoscopy with biopsy of the gastric body at each visit.
Unsatisfactory control of gastric acid secretion was defined as an acid output greater than 10 meq/hr in the last hour prior to the next dose of lansoprazole, endoscopic ~Onset of disease defined as the start of continuous peptic symptoms. w patients had exploratory laparotomy. Four patients had no tumor found at surgery and two had only liver metastases identified at surgery. The four patients who did not have surgical exploration (2 MEN-I, l lost to follow-up, and 1 who was unfit for surgery) all had negative imaging studies. 82 proven in 5 patients, suspected from imaging in one patient.
evidence of moderate to severe esophagitis, duodenitis or peptic ulceration, or the presence of persistent peptic symptoms. These patients had their lansoprazole dose titrated upwards as on the initial evaluation until their symptoms resolved or their control values decreased to below 10 meq/hr.
Duration of Action of Lansoprazole. The duration of action of lansoprazole was examined in four patients who exhibited stable control of acid secretion on follow-up. In these patients, lansoprazole therapy was temporarily discontinued and gastric acid secretion was determined in the 24th hour after the last dose and every 8 hr thereafter for a further 48 hr or until their acid secretion reached 30 meq/hr or 50% of their individual pretreatment BAO measurement, whichever came first. This portion of the study was terminated by administering 150 mg of cimetidine intravenously followed by the reintroduction of lansoprazole at the previously effective dose.
RESULTS
The clinical and laboratory characteristics of the 20 patients with Zollinger-Ellison syndrome included in this study are shown in Table 1 . They are representative of the larger cohort of patients with Zollinger-Ellison syndrome followed at the NIH since 1976 in terms of mean age, sex distribution, percentage with MEN-1 syndrome, basal and maximal acid secretory studies, fasting serum gastrin determination, disease duration, and tumor status. They were not representative of the larger cohort of patients at the NIH in terms of the number with previous gastric surgery, which in our population is 10%, since the protocol excluded this group because of the potential difficulties in obtaining reliable gastric acid secretion measurements. Assessment of tumor status was made at exploratory laparotomy (N = 16) or using imaging studies (N --4). A pancreatic or duodenal primary tumor was identified in 35% (7/20) and 15% (3/20) of patients, respectively. Thirty percent of patients (6/20) had hepatic metastases. Prior to entering the study, no patient had a peptic ulcer or other mucosal abnormality on upper gastrointestinal endoscopy.
Determination of Initial Lansoprazole Dose. The mean dose requirement for the effective control of acid secretion prior to the start of lansoprazole in the 19 patients taking ranitidine was 4.1 g/day (range 1.2-7.2 g); the one patient taking cimetidine required 6.0 g/day ( Table 2 ). The duration of histamine He-receptor antagonist therapy at the dose that the patients were taking just prior to starting therapy with lansoprazole ranged from 1 week to 21 months with a mean of 7.5 months. The duration of therapy with any dose of histamine He-receptor antagonist ranged from 4 to 153 months with a mean of 56 months (Table 2) .
In the initial dosing study, 14 patients were controlled with a single daily dose of 60 mg of lansoprazole, three required 75 mg once daily, one required 120 mg once daily and two required a split dosage regimen of 60 mg twice daily (Figure 2 ). The mean initial lansoprazole dose requirement was 72 mg/day (range 60 mg daily to 60 mg twice daily). The efficacy of acid suppression after the first dose of drug was not less than that after the second dose. Specifically, acid control values after the second dose were higher in eight patients, lower in three patients, and unchanged (within 0.2 meq/hr) in the remaining nine patients as compared with acid control values after the first dose. There was no correlation between the initial dose requirements and BAO (Table 2, Figure 2 ) or MAO (data not shown). Similarly, there was no relationship between MENd status and higher initial dosage requirements. time of therapy with any H2-receptor antagonist. **Initial dose of lansoprazole to control gastric acid secretion acutely. ttAcid output following effective upward titration of lansoprazole (higher of two values). **Duration initial dose was effective. w167 duration of therapy with lansoprazole. Patients with total duration at any dose higher than duration at initial dose required dose adjustment (see Table 3 ). 82182 dosage of 60 mg twice daily. ***Stopped taking lansoprazole: Pt. 6 discontinued treatment for personal reasons without side effects, Pt. 7 died of liver cirrhosis, Pt.
12 was removed from the protocol, and Pt. 13 was cured of Zollinger-Ellison syndrome following successful resection.
Maintenance Therapy. The total duration of therapy with lansoprazole at any dose ranged from 0.9 months to 29 months with a mean of 16 months ( Table 2 ). The duration of therapy of the initial effective dose of lansoprazole ranged from 0.9 months to 27 months with a mean of 13 months ( Table 2 ). The initial dose continued to be effective in controlling acid secretion in all but five patients who required an upward dose adjustment and who are discussed in more detail below. Sixteen patients are still taking lansoprazole with effective control of acid secretion (duration of follow-up 4-29 months with a mean of 18.5 months). A single daily dose of 60 mg lansoprazole has remained effective for control of gastric acid hypersecretion in 10/16 patients (63%) with 4/16 (25%) requiring a split dose of 60 mg twice daily. One patient each (6%) required single daily doses of 75 mg or 120 mg of lansoprazole daily. Four patients are no longer taking lansoprazole. One patient discontinued treatment for personal reasons, one patient died of liver cirrhosis, one patient was removed from the protocol for noncompliance, and one patient no longer required lansoprazole after curative gastrinoma resection. None of these patients discontinued lansoprazole because they developed side effects or because gastric acid secretion was not effectively controlled (Table 2) . Of the 13 patients who have been followed for more than 12 months, 60 mg of lansoprazole once daily provided effective control of gastric acid hypersecretion in eight patients (62%), one patient (7%) required 75 mg once daily, and four patients (31%) required a split dose of 60 mg twice daily.
Dosage Adjustments. The data on the five patients (25%) requiring upward dose adjustments of lanso- Table 2 . Fourteen patients were controlled with 60 mg daily ( ), 3 with 75 mg daily (-. -. -), one with 120 mg daily (----), and two with 60 rag twice daily (-----). The initial effective ~ansoprazole dose is the initial lansoprazole dose that decreases gastric acid secretion to ~I0 meq/hr. prazole therapy are listed in Table 3 . Upward dose adjustments were required in two patients (10%) on the basis of acid-peptic symptoms alone, in two patients (10%) on the basis of elevated acid outputs alone, and in one patient (5%) on the basis of both symptoms and an elevated acid output. No patients required upward dose adjustment because of endoscopic findings. Except for the three patients (patients 1, 6, and 18-- Table 3 ) requiring upward dose adjustments because of peptic symptoms, all patients remained asymptomatic during follow-up. No patient developed endoscopic abnormalities on long-term treatment.
On analyzing the data from the 16 patients still taking lansoprazole at completion of the study, we could still find no correlation between long-term maintenance dose requirements for lansoprazole and BAO or MAO (data not shown). There was also no correlation between maintenance requirements and acid output if the patients with rapidly progressive disease and increasing tumor bulk were excluded from this analysis (data not shown). However, at completion of the study, two of the three MEN-1 syndrome patients were taking 60 mg lansoprazole twice daily for effective acid control and the third was taking 60 mg once daily.
Duration of Action of Lansoprazole. The duration of action of the effective maintenance dose of lansoprazole in patients with Zollinger-Ellison syndrome was studied by discontinuing therapy in four patients (patients 1, 15, 18, and 20 taking 75, 60, Basal acid secretion in the four patients studied was inhibited by more than 80% 24 hr after the last dose of lansoprazole. Two patients (patients 15 and 18) reached their pretreatment BAO values by 48 hr, one patient (patient 1) reached his pretreatment BAO value by 56 hr and one patient (patient 20) had not yet reached pretreatment BAO levels by 56 hr after discontinuing lansoprazole.
Long-Term Safety. Lansoprazole was well tolerated by all patients. There were no adverse effects attributable to lansoprazole therapy noted during the study period. Most patients preferred the convenience of once or twice daily administration compared with the more frequent dosing requirements for histamine H2-receptor antagonist therapy. In all patients, lansoprazole provided effective control of acid-peptic disease as assessed by both subjective (symptoms) and objective (endoscopy and acid control data) criteria.
Random biopsies of the gastric body were obtained from all patients prior to starting lansoprazole therapy. One of the patients with the MEN-1 syndrome (patient 14) had carcinoid tumors of the stomach and duodenal bulb on initial biopsy prior to starting lansoprazole. On follow-up biopsy, no additional carcinoid tumors have been found in any patient including patient 14 who has been followed for 12 months thus far.
Changes in fasting serum gastrin, serum hepatic transaminases (SGOT and SGPT), and total white cell count (WBC) during the first 18 months of continuous therapy with lansoprazole were analyzed in all patients. The effect of lansoprazole on fasting serum gastrin values was analyzed in 12 patients in whom fasting serum gastrin values were not influenced by other factors such as an increasing tumor bulk (six patients with liver metastases) or a reduction in tumor bulk (two patients with gastrinoma resections) (Figure 4 ). There was an upward trend in fasting serum gastrin values. The increase attained statistical significance at 6 and 18 months after starting therapy, with P values at 3 and 12 months of 0.16 and 0.10, respectively. Acid output measurements in these 12 patients after 3, 6, 12, and 18 months of therapy revealed that 18, 22, 42, and 66% of patients had been rendered achlorhydric.
Tumor progression was seen in two patients (10%) during follow-up. In each case of tumor progression, the patient had extensive metastatic disease that was progressive before beginning lansoprazole and there was no evidence that lansoprazole increased this rate of growth.
The effect of lansoprazole on serum transaminase levels was analyzed in 14 patients in whom transaminase values were not elevated at any time prior to the start of lansoprazole therapy ( Figure 5 ). Serum transaminase levels were not significantly altered during 18 months of therapy with lansoprazole, although minimally elevated values were noted on one occasion in each of two patients (patients 3 and 6). We do not believe that either abnormality was due to lansoprazole, since patient 3 has a long history of alcohol abuse and patient 6 has persistent, minimally elevated enzymes more than one year after discontinuing lansoprazole. Of the five patients with abnormal serum transaminases prior to starting lansoprazole, three had extensive liver metastases, one had chronic hepatitis B with cirrhosis and died from liver disease four months into therapy, and one most likely has chronic hepatitis C. In three of these patients, there was no change in transaminases with lansoprazole therapy, in one there was a minimal increase, and in only one of these five patients did serum transaminases rise higher than three times the upper limit of normal. In the latter patient (patient 8) the elevated values, which developed 12 months after starting lansoprazole therapy, are probably due to progressively enlarging metastatic disease of the liver. No patient developed an increase or decrease in total white cell count that extended beyond the normal range for our laboratory throughout the duration of follow-up. Electrocardiograms, chest radiographs, urinalyses, and routine serum chemistry measurements including electrolytes, lipids, creatinine clearance, and thyroid function tests have remained unchanged throughout the period of treatment with lansoprazole.
DISCUSSION
The purpose of the present study was to evaluate the potential usefulness of lansoprazole in patients with Zollinger-Ellison syndrome by assessing its short-and long-term efficacy and by assessing its safety during prolonged administration. We found lansoprazole to be both safe and effective in patients with Zollinger-Ellison syndrome. Acid output Table 2 . Dashed line represents the upper limit of normal.
is inhibited both acutely and for up to 29 months of treatment. The 20 patients enrolled in the present study were effectively controlled with histamine H2-receptor antagonists immediately prior to beginning lansoprazole therapy. The mean ranitidine or ranitidine equivalent dose (5) required was 3.6 g/day. We have previously shown that histamine H2-receptor antagonist dose requirements as high as these are commonly required in patients with Zollinger-Ellison syndrome (3, 5, 6, 10) . In addition, we have also shown that the histamine H2-receptor antagonist dose requirements correlate closely with measurements of gastric acid secretion but not with serum gastrin levels (3) (4) (5) 10) . It is therefore apparent that the patients in the present study are representative of our larger cohort of patients with ZollingerEllison syndrome in their acid antisecretory drug requirements and that the results for the present study can most likely be extrapolated to our larger cohort of patients.
A single initial lansoprazole dose of 60 mg daily effectively controlled gastric acid output in 70% of patients and 90% were acutely controlled with a single dose of 120 mg daily or less. Two patients (10%) required a split dose of 60 mg twice daily for acute control of acid output. In comparison, using the same criteria for control of gastric acid secretion in 40 patients with Zollinger-Ellison syndrome, we previously showed (22) that omeprazole will acutely control gastric acid output in 38% of patients following a single oral dose of up to 60 mg daily and in 80% of patients following a single dose of 120 mg daily. Twenty percent of patients require a split dose of omeprazole (22) .
For effective long-term control of gastric acid secretion in patients with Zollinger-Ellison syndrome, approximately two in three patients will be well controlled with 60 mg of lansoprazole as a once daily dose. If the highest dose for a once daily administration is arbitrarily set at 120 mg, approximately one in four patients will require a split dose of 60 mg twice daily. The present study indicates that once an effective starting dose of lansoprazole has been determined, upward dose adjustments are required in approximately 25% of patients during prolonged therapy. Furthermore, approximately 15% of patients who are initially controlled with a once daily dose will require a split dose of lansoprazole during prolonged therapy. In comparison, patients treated long-term with omeprazole require upward dose adjustments in 23% of cases, with a further 20% requiring dose adjustments in both an upward and downward direction (19, (21) (22) (23) . Split dose regimens are required in 20-60% of patients treated long-term with omeprazole (19, (21) (22) (23) . These results suggest that lansoprazole resembles omeprazole in providing stable control of gastric acid secretion in patients with Zollinger-Ellison syndrome.
Both lansoprazole and omeprazole have been shown to have improved inhibition of gastric acid secretion over the first few days of therapy (18, 41, 42) . In the present study we did not find that the efficacy of lansoprazole improved after the second dose of drug compared with the first dose. It is unclear why we were unable to demonstrate a more profound inhibition of acid production on the second day of administration. This may have been due to the dose of lansoprazole employed in the present study. Our results suggest that repeated gastric analyses on two consecutive days to confirm efficacy of acid inhibition by lansoprazole at the time of initiation of therapy is not required and that one gastric analysis will suffice.
In a previous study (22) involving a large number of patients, a correlation was reported between the BAD, the MAD, the initial dose of omeprazole required to control acid secretion and the previous dose of histamine H2-receptor antagonist. In the present study with lansoprazole no such correlation was found. Because the studies were performed in an identical manner with omeprazole and lansoprazole in a similar patient population, it is likely this difference is due to the fact this study was too small to detect a significant correlation.
A number of studies have shown that both lansoprazole and omeprazole have a prolonged duration of action, providing an advantage over histamine H2-receptor antagonists in the management of gastric acid hypersecretory states (20-24, 33, 34, 53) . In the present study, lansoprazole was also shown to have a prolonged duration of action. The mean time for acid output to reach half BAD value after cessation of therapy was 39 hr. This reflects a duration of action much longer than that demonstrated with any of the histamine H2-receptor antagonists. Using similar criteria for effective control of gastric acid secretion as in the present study, we previously demonstrated that the time for gastric acid secretion to recover to half the mean BAD after equipotent doses of eimetidine, ranitidine, and famotidine was 9.2, 10.5, and 12.5 hr, respectively (5). In contrast, the duration of action of lansoprazole is similar to that of omeprazole since, using the same criteria for the determination of the duration of action, we previously demonstrated that after cessation of therapy with omeprazole, acid output recovered to 45% of BAD by 40 hr (24) . In another study using omeprazole at a standard dose of 80 mg orally in all patients, we found that the mean time for acid output to reach half the mean BAD value was 34 +_ 6 hr (mean +-. SEM) (34) . These results suggest that lansoprazole and omeprazole have a similar duration of action, which is in contrast to the brief report by Hochlaf et al (53) in which it was suggested that lansoprazole may have a slightly shorter duration of action than does omeprazole in patients with Zollinger-Ellison syndrome.
Long-term lansoprazole was found to be safe and well tolerated. No patient had to be withdrawn from the study due to clinical side effects of therapy. The data from the present study reflect exposure to lansoprazole at higher doses and for a longer duration than previously studied in humans and confirm that lansoprazole, like omeprazole, does not affect serum transaminases, white cell count, and other routine clinical blood measurements (50) .
Prolonged omeprazole can increase fasting serum gastrin concentrations in patients with idiopathic peptic ulcer disease (60, 61) . However, some (21, 22, 62) but not others (25) have shown that omeprazole does not cause a further rise in gastrin values in patients with Zollinger-Ellison syndrome. Fasting serum gastrin elevation in Zollinger-Ellison syndrome is due to the gastrinoma (2, 8) , and an additional increase in the presence of omeprazole therapy can be due to changes in the tumor itself or the induction of achlorhydria. In a study by Lehy et al (25) , prolonged omeprazole treatment of patients with Zollinger-Ellison syndrome was associated with increased fasting serum gastrin values. It is likely that the further elevation in serum gastrin values seen in that study (25) and in ours with lansoprazole was due to the induction of achlorhydria. In the present study, a provision for dose reduction was not included because the long duration of action of lansoprazole would have required repeated dose adjustments to be made at weekly intervals. This was not logistically possible in this initial study. As a result, patients were maintained on a minimum dose of 60 mg of lansoprazole once daily. During follow-up, 3, 6, 12, and 18 months after starting therapy with lansoprazole, 18, 22, 42, and 66% of patients had been rendered achlorhydric. These data suggest that patients in the present study could likely have been maintained on lower doses of lansoprazole. Therefore, the most likely explanation for the trend towards a further increase in fasting serum gastrin values seen in the present study is the induction of achlorhydria.
These results allow a number of practical points to be made about the use of lansoprazole in patients with Zollinger-Ellison syndrome. As is the case with omeprazole (19, 24) , lansoprazole should be started at a dose of 60 mg/day, with gastric acid secretion being determined the following day 1 hr before the next dose of drug. The dose should then be adjusted upward once per day until acid secretion is <10 meq/hr. It is recommended that this method be used initially rather than starting with a lower dose because of the importance of controlling gastric acid hypersecretion rapidly, because of the inability to predict final dosing in a given patient, and because this method has been shown to be safe in all patients treated with either lansoprazole in this study or with omeprazole in other studies (19, 24) . Our results suggest that a number of patients could likely be maintained on lower lansoprazole doses. Because of its long duration of action, similar to that of omeprazole (24, 34) , acute dose reductions are not interpretable. Therefore, it is recommended that once the initial maintenance dose for a given patient is established, the lansoprazole dose be decreased one to two weeks prior to each clinic visit. During this period clinical symptoms should be carefully monitored and acid secretion should be measured at the time of the visit. Because of its long duration of action, lansoprazole dose reductions should not be attempted more often than once every one to two weeks.
In conclusion, our study demonstrates that lansoprazole is at least as potent as omeprazole for inhibition of gastric acid secretion. It has a prolonged duration of action that is similar to that of omeprazole, and it is at least as effective in the short-and long-term management of the gastric acid hypersecretion associated with Zollinger-Ellison syndrome. Furthermore, prolonged administration of lansoprazole in these patients is safe. These results suggest that lansoprazole, like omeprazole, will be effective and useful in patients with Zollinger-Ellison syndrome.
